Introduction. The main aims of this study were to compare maternal and neonatal outcomes in term twin birth according to the planned mode of delivery and to study the effects of chorionicity and inter-twin delivery time on neonatal outcome. Material and methods. A single-center cohort study of 495 women with twin deliveries at ≥37 +0 weeks of gestation. Term twin deliveries were divided into a trial of labor group (TOL, 69.3%) and a planned cesarean section (CS) group (30.7%). The primary outcomes were maternal and neonatal morbidity. Results. 80.8% of women attempting TOL achieved vaginal birth. In the TOL group, mothers had less bleeding [median 500 mL (range 150-2700 mL) vs. 950 mL (range 150-3500 mL), p < 0.001) and fewer surgical complications (3.2% vs. 8.6%, p = 0.011), whereas second twins more often had five-minute Apgar scores of <7 (5.0% vs. 0%, p = 0.002) or umbilical artery pH < 7.05 (5.7% vs. 0%, p = 0.003), compared with the planned CS group. There was a slight, non-significant tendency for more NICU admissions in the TOL group, yet the need for NICU treatment was infrequent in the whole study material. Outcomes among dichorionic (DC) second twins were similar to those in the whole material, but among monochorionic (MC) second twins there were no differences between the TOL and planned CS groups. In secondary analysis, a five-minute Apgar score <7 occurred significantly more often in the DC group among second twins if the inter-twin delivery time exceeded 30 min. Conclusions. TOL is a good option for women with twin pregnancy at term, regardless of chorionicity. Active management of labor for the second twin is important, also in DC births. Maternal outcomes were more favorable with TOL and although low Apgar scores and low umbilical blood pH may be more frequent after TOL -especially with the second twin -serious neonatal morbidity is rare and does not differ from that after planned CS.
Introduction
The incidence of twin pregnancy is approximately 1-3% of all gestations (1, 2) . In Finland, 1.4% of all deliveries were twin deliveries in 2014 (1) . Twin pregnancies are associated with higher risks of intrapartum complications, and perinatal morbidity and mortality (1, 3, 4) . Complications have largely been attributed to the fact that women with twin gestations have a higher risk of preterm birth than women with singleton gestations (2) . In addition to prematurity, the other major risk factor in twin
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Serious neonatal morbidity is rare after trial of labor in term twin birth and does not differ from that after planned cesarean section. pregnancies is monochorionicity. Monochorionic (MC) diamniotic pregnancies carry a higher risk of adverse perinatal outcome compared with dichorionic (DC) diamniotic pregnancies (5) (6) (7) . This is thought to be connected to the shared placenta and complications related to that, such as twin-to-twin transfusion syndrome (8, 9) . However, it is not clear whether the mode of delivery has an impact on the complications specific to MC pregnancies.
Several researchers have tried to determine the optimal mode of delivery of twins (10) (11) (12) (13) (14) (15) (16) (17) (18) . The results have been contradictory. Some retrospective studies have shown increased perinatal morbidity and mortality particularly for the second twin in vaginal delivery, when compared with planned cesarean section (CS) (12) (13) (14) . However, other authors have reported planned vaginal delivery to be as safe as planned CS in terms of perinatal morbidity and mortality (10, 11, (15) (16) (17) (18) . In a recent large, randomized controlled trial, the Twin Birth Study, planned vaginal delivery and planned cesarean delivery were compared in terms of maternal and perinatal outcomes. In all, 2804 twin pregnancies at between 32 +0 and 38 +6 weeks were included in this multicenter study, which involved 106 centers in 25 participating countries. The authors found that with the first twin in cephalic presentation, planned cesarean delivery did not significantly decrease or increase the risk of neonatal or maternal morbidity or mortality, as compared with planned vaginal delivery (19) . However, the rate of CS was >40% in the planned vaginal delivery group and almost half of the twins were born preterm.
Despite the lack of evidence to support the choice of planned CS over planned vaginal delivery in twin gestations, the CS rate remains high (18) . CS is associated with a higher risk of adverse maternal outcome, at least in cases of singleton gestation (20) .
The main aims of the study were to compare maternal and neonatal outcomes in term twin birth according to the planned mode of delivery and to study the effect of chorionicity on neonatal outcome in a large tertiary center with a long tradition of vaginal delivery. Further, we investigated the influence of inter-twin delivery time on neonatal outcomes in MC and DC pregnancies.
Material and methods
Data for this single-center cohort study were collected from the patient records of Tampere University Hospital, covering January 2004 to July 2014. The delivery unit is a tertiary center with about 5200 annual deliveries, the CS rate varies between 14 and 16% and there are about 100 twin births annually. All twin deliveries with two live fetuses at ≥37 +0 weeks of gestation were included. The study population, 495 term twin deliveries, was divided into two groups depending on the intended method of delivery: the trial of labor (TOL) group and the planned CS group. For analysis of perinatal health, cases were also divided into groups according to chorionicity, i.e. DC diamniotic and MC diamniotic. Fetuses with a congenital abnormality (n = 11) were excluded, but their mothers and twin siblings remained in the study population. Chorionicity was determined in first-trimester scans carried out at 11-14 weeks of gestation, by the presence or absence of the lambda sign. All mothers underwent a malformation scan at 20-22 weeks of gestation. To evaluate fetal growth and wellbeing, DC pregnancies were followed by means of ultrasonographic examinations every 4 weeks from 20 weeks of gestation and MC pregnancies similarly every second week from 18 weeks of gestation.
The mode of delivery was planned by 36 weeks of gestation. If the first twin was in cephalic presentation and there were no obstetric indications for CS, TOL was usually planned. Patient's choice was taken into account. If the first twin was in breech presentation, CS was usually planned, but for multiparous women with good obstetric history, TOL was planned if the patient wished it. If delivery did not start spontaneously, in the DC group the labor was usually induced at 38 +0 to 38 +6 weeks of gestation and in the MC group at 37 +0 to 37 +6 weeks. The management of the second stage of labor was active with MC births and hospital practice was to keep inter-twin delivery time under 20-30 min. With DC births hospital guidelines were more liberal and although management on DC deliveries has been moderately active, there has been no clear time limit between the delivery of the first and the second twin. Both fetuses were monitored intrapartum by continuous cardiotocography.
The primary outcomes were maternal and neonatal morbidity. Maternal outcomes included bleeding, infection treated with antibiotics, perineal III/IV-degree tears, need of curettage and surgical complications. Neonatal outcomes included birth trauma, five-minute Apgar score of <7, umbilical artery pH <7.05 and neonatal intensive care unit (NICU) admission.
Statistical analyses were performed by using SPSS version 22.0 software (IBM SPSS Inc., Chicago, IL, USA). Categorical variables were expressed as numbers and percentages. Quantitative data were expressed as means and standard deviations for continuous variables with normal distributions and as medians and ranges for skewed variables. Comparisons were performed between the TOL and planned CS groups as regards maternal outcomes. Neonatal outcomes were compared between the TOL and planned CS groups, and in connection with both DC and MC pregnancies. The chi-square test or Fisher's exact test were used to compare categorical variables, whereas Student's t-test or the Mann-Whitney U-test were used for quantitative variables. Relative risk and 95% confidence intervals were calculated and compared between the TOL and planned CS groups when appropriate, using Confidence Interval Analysis (CIA) program. Multivariate analysis was carried out using binary logistic regression. A p-value of <0.05 was considered statistically significant. All p-values were two-sided. Institutional review board approval was obtained from Tampere University Hospital Science Centre (14 July 2014, identification number R14546).
Results
Of the total of 495 term twin births, 421 (85.1%) were DC and 74 (14.9%) MC births. The TOL group involved 343 (69.3%) and the planned CS group 152 (30.7%) deliveries. The majority of women attempting TOL delivered vaginally; 80.3% in the DC group and 83.1% in the MC group. In the planned CS group the actual mode of delivery was CS in all cases, whereas in the TOL group 66 women (19.2%) underwent either intrapartum CS in connection with both twins or CS for the second twin only. Figure 1 shows how the TOL and planned CS groups were distributed as regards DC and MC twin pregnancies, and the actual mode of delivery.
Maternal characteristics and neonatal birthweights are presented in Table 1 . Table 2 shows maternal outcome according to the intended mode of delivery. There were no maternal deaths in this study. There was significantly more bleeding in the planned CS group than in the TOL group [median 950 mL (range 150-3500 mL) and 500 mL (range 150-2700 mL), respectively, p < 0.001] and the proportions of hemorrhage of more than 1000 mL or more than 1500 mL were greater. The proportion of surgical complications was also greater in the planned CS group. When comparing TOL-group intrapartum CS with those in the planned CS group, infection treated with antibiotics after delivery was the only maternal outcome that differed significantly between these two groups [17 (25.8%) and 19 (12.5%), respectively, p = 0.015].
The impact of the mode of delivery on neonatal outcome is shown in Table 3 , where the entire data is presented first as regards the TOL and planned CS groups, and then comparisons are shown separately for MC and DC twins. There were no stillbirths in this study population and none of the twins died within 28 days after delivery. Second twins in the TOL group more often had five-minute Apgar scores of <7 and umbilical artery pH <7.05 compared with second twins in the planned CS group. Adjusting for covariates, such as body mass index, age, parity, gestational age at birth or birthweight of the second twin, did not change these results. Regarding fiveminute Apgar scores of <4 and umbilical artery pH <7.00 there were no statistically significant differences between study groups, although all cases were in the TOL group. There was no statistical difference between TOL and planned CS group as regards NICU admission of second twins (relative risk 4.3, 95% confidence intervals 0.6-33.6). Outcomes among DC second twins were similar to those in the whole material, but among MC second twins there were no differences between the TOL and planned CS groups as regards Apgar scores, pH values and NICU admission.
Cases of severe neonatal morbidity are detailed in Table 4 , where all infants admitted to the NICU are listed. All 14 of these infants recovered well from their difficulties and had no long-term effects related to neonatal morbidity. One first twin birth injury (Table 3) occurred in the DC-TOL group, a subdural hematoma after vacuum delivery. Later it was discovered that this child had a severe type of Von Willebrand disease (case 3 in Table 4 ). Two second twin birth injuries (both in the DC-TOL group) were humerus fracture and clavicle fracture. Both occurred in connection with breech extraction and these fractures healed well.
No correlation of outcome between siblings was found in this study. All the five-min Apgar <7 scores and/or umbilical artery pH <7.05 were from either the first or the second twin, the other twin sibling from same mother had normal Apgar scores and normal umbilical artery pH.
Finally, we studied the impact of inter-twin delivery time in the group of women whose actual mode of delivery was vaginal or combined. Among these women, the Table 5 shows how many second twins in the DC and the MC group had a five-minute Apgar score of <7, when the inter-twin delivery time exceeded 30 min. Women with an inter-twin delivery time of over 30 min had a significantly higher risk for combined delivery (2.5% vs. 24.5%, p < 0.001).
Discussion
According to the results of this cohort study, maternal and perinatal outcomes in term twin birth were favorable, with no mortality and only minor morbidity, regardless of the planned mode of delivery. However, we found that TOL increased the risk of second twins having early-stage problems such as low Apgar scores and low umbilical artery pH, when compared with those in the planned CS group. The absolute prevalences of these adverse events were low. Some studies have shown that hypoxia-induced ischemia is most accurately reflected by five-minute Apgar scores of <4 and an umbilical artery pH of <7.00 (21, 22) . These outcomes were rare in our study population.
Second twins in the TOL group tended more often to be admitted to NICU. However, the occurrence of NICU admittance was low and there was no statistically significant difference between study groups. Eleven of the 14 infants treated in the NICU were second twins. All NICU-treated children recovered well from their birthrelated difficulties. Infants treated in the NICU recovered quickly, with only two of them spending more than 3 days there, and the others were transferred to the neonatal care unit or their mother's bedside after being treated for 1-3 days in the NICU.
Altogether, the results of our study indicate that TOL slightly increases the risk of early-stage problems among second twins, but it does not increase the risk of severe neonatal morbidity when compared with planned CS. These results are in line with those in the Twin Birth Study, in which researchers used five-minute Apgar scores of <4 to define severe neonatal morbidity (19) .
The results concerning neonatal outcome in connection with DC birth were similar to the results in the whole 
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Planned CS A n = 14 B n = 14 material. DC second twins in the TOL group more often had low Apgar scores and low umbilical artery pH than those in the planned CS group. We assumed that MC births would be associated with more neonatal complications and worse neonatal outcome compared with DC births. The results were opposite to our hypothesis and MC birth outcomes did not differ between the TOL and planned CS groups. In the TOL group, the proportion of low Apgar scores and low umbilical artery pH in MC group were the same or even lower than in DC group. One reason for this could be that the power of the material with respect to MC twins is not large enough to find out slight differences in some outcomes. Further, although MC pregnancies are reported to occur in about 20% of all twin pregnancies, in the study material the proportion was even smaller (14.9%). As there is higher amount of pregnancy complications such as twin-to-twin transfusion syndrome and intrauterine growth restriction among MC twins, the most complicated MC cases have already been delivered before term, and the MC twins included in this study were most likely the most uncomplicated ones. Thus, according to our study material, it seems that chorionicity has no importance when deciding the mode of term twin delivery after 37 gestational weeks. This finding is consistent with those in some other studies (15, 16) . It has been suggested that when the inter-twin delivery time exceeds 30 min, the risk of poor perinatal outcome increases for the second-born twin, especially in MC births because of the shared placenta and hemodynamic changes after birth of the first twin (23) (24) (25) (26) . In our study the inter-twin delivery time exceeded 30 min slightly more often in the DC group, and DC second twins more often had low Apgar scores when the inter-twin delivery time exceeded 30 min. In the whole TOL group the combined delivery rate was significantly higher when intertwin delivery time exceeded 30 min. It is possible that obstetricians are more active in treating delivery of a second twin in MC cases, as they are aware of the risks of a long interval between deliveries of MC twins. The finding that when the inter-twin delivery time exceeds 30 min every fourth labor ends up with CS delivery of second twin, indicates the need to handle both MC and DC twins equally actively after birth of first twin.
Maternal outcomes show that planned cesarean delivery increases blood loss and the rate of surgical complications when compared with trial of labor. These findings are consistent with the results of some other studies (20, 27) . In the Twin Birth Study, however, the researchers found no difference in maternal outcome between TOL and planned CS groups. This might partly be explained by the high rate of CS in the TOL group (43.8%) (19) . In our study the intrapartum CS rate in the TOL group was 19.2% and the majority of women in this group delivered vaginally. Some studies have revealed that compared with planned CS, intrapartum CS increases the risk of adverse maternal outcome (27) . Our results show that only the risk of infection treated with antibiotics was higher in cases of intrapartum CS in the TOL group than in the planned CS group. Other outcomes did not differ significantly between the two groups. These results indicate that when choosing the mode of twin delivery, TOL is at least as good as planned CS as regards maternal outcome.
The strength of this study was that all the twin pregnancies were monitored and delivered in a single tertiary center with a long tradition of vaginal delivery. We managed to determine the chorionicity of all twin pregnancies. Selection of the mode of delivery was successful; over 80% in TOL group delivered vaginally in this study, compared with 56-66% in some other studies (19, 28) .
This study focused strictly on term twin births, whereas in many other studies the study population consisted of twin deliveries after 35 or 36 weeks of gestation, increasing the effect of prematurity in these studies. In turn, the findings of this study are valid only for twins at term and should not be extrapolated to births <37 weeks. The small size of the MC group as well as the retrospective design were the main limitations of this study.
In conclusion, our study gives support to the view that TOL is a good option for women with twin pregnancies at term regardless of chorionicity. Maternal outcomes were more favorable with TOL, and although low Apgar scores and low umbilical blood pH may be more frequent after TOL-especially as regards the second twin -serious neonatal morbidity is rare and the rate does not differ from that after planned CS.
